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Introduction 
Vegetative filter systems are being used nationwide as a management practice for controlling 
sediment delivery to water bodies, especially in agricultural settings. The installation of vegetative 
filter systems has increased in agricultural areas in part because of the National Conservation Buffer 
Initiative implemented by the USDA Natural Resources Conservation Service. Vegetative filters 
have the effect of retarding the velocity and reducing the sediment transport capacity of water flow 
(Tollner et al., 1982). As a result, a portion of the sediment in the water flowing through the filter 
will be deposited thus decreasing the movement of sediment to water bodies. 
There has been a significant amount of research performed on plot -scale vegetative filters in the 
field and simulated vegetation in the laboratory to investigate the sediment trapping efficiency 
of vegetative filters. These studies have shown the positive impact vegetative filters can have 
on reducing the amount of sediment exiting the filter. However, little information is available 
on water flow and sediment transport in field-scale vegetative filters. While there is a need for 
experimental studies investigating the performance of field-scale filters, modeling affords one 
the ability to investigate different scenarios relative to filter and watershed characteristics and to 
evaluate the impact of these characteristics on filter performance. Munoz-Carpena et al. (1999) 
developed and field-tested a single-event model, VFSMOD, for simulating hydrology and sediment 
filtration. VFSMOD can be used to investigate the performance of vegetative filters. 
The Natural Resources Conservation Service (NRCS, 1999) has guidelines for filter installation 
from which the minimum flow length for reducing sediment, particulate organics and sediment-
absorbed contaminants is 20 ft. (6.1 m). Guidelines for the ratio of drainage area to filter strip 
area are also provided: the ratio of the drainage area to the filter strip area shall be less than 70: 
1 in regions with RUSLE-R factors values of 0-35, 60:1 in regions with RUSLE-R factor values of 
35-175, and 50:1 in regions with RUSLE-R factor values greater than 175. These ratios relate to 
filter-area-to-source-area ratios of 0.014, 0.017, and 0.02, respectively, where the source area is 
considered the area of land that contributes runoff to the vegetative filter. The RUSLE-R factors 
reported above are in English units. 
The objectives of this study were to use the field-tested vegetative filter strip model, VFSMOD, to 
investigate the performance of the filter under a variety of conditions, especially varying watershed 
or field characteristics. The results provide a better understanding of the impact of various factors 
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on the performance of filters under field conditions, where there is a relatively large contributing 
area to the filter. The performance of the filter is reported as sediment trapping efficiency where 
sediment trapping efficiency is the percent of incoming sediment that is trapped in the filter. 
Description of VFSMOD and UH 
In simulating the performance of vegetative filters , the surface runoff and soil erosion from the 
contributing area to the filter must be simulated along with the flow through the vegetative filter. 
To simulate filter performance using the vegetative filter strip model, VFSMOD , the user must 
supply the inflow hydrograph and sedimentograph from the source area. A front-end program 
(UH) was developed by Suwandono et al. (1999) for use in generating the source area inputs for 
VFSMOD. Munoz-Carpena and Parsons (2000) describe the VFSMOD and UH programs. To 
simulate sediment trapping, VFSMOD uses the University of Kentucky sediment filtration model 
(Barfield et al. , 1978, 1979; Hayes, 1979; Hayes et al. , 1982 , 1984; Tollner et al., 1976, 1977). 
Application of VFSMOD and UH 
Previous studies using VFSMOD have shown the effect of the variation of properties within the 
filter on the overall performance of the filter (Munoz-Carpena et al., 1999, and Abu-Zreig et al., 
2000). Abu-Zreig et al. (2000) concluded that the length of the filter had the greatest effect on 
sediment trapping efficiency; the type of incoming sediments from the source area had the second 
greatest impact. They also concluded that the slope of the filter and the soil type in the filter 
had little effect on sediment trapping. Munoz-Carpena et al. (1999) showed the major factors 
controlling the hydrology outputs in VFSMOD were soil hydraulic conductivity and initial water 
content. Their testing showed that the main parameters controlling sediment outflow from the 
filter were the grass spacing and particle diameter. While this information provides insight into 
the in-filter factors that affect sediment trapping, there is less information about the impact of 
source-area variation on sediment trapping efficiency and the overall performance of filters under 
a variety of conditions. 
The models UH and VFSMOD were applied to study the effect of varying watershed or field 
characteristics and buffer dimensions on the performance of the filter, specifically the sediment 
trapping efficiency of the filter. The source-area parameters investigated are shown in Table 1. The 
curve number method was used in defining watershed or field characteristics. The curve number 
varied depending on the conditions of the source area. For this study and a specific soil, a higher 
curve number reflects an area without conservation practices; likewise, a lower curve number 
represents an area with conservation practices. There would be greater runoff from an area with 
a higher curve number. In the simulations performed, the slope of the filter and the soil type in 
the filter were the same as those in the source area. The length of the buffer was varied to achieve 
filter-area-to-source-area ratios (filter area ratios) of 0.02 , 0.06, 0.1 , and 0.15. The precipitation 
amounts associated with the different simulated events are provided in Table 2 and are based 
on Hershfield (1961). These values were determined to approximate rainfall in the Mid-Central 
region of the United States. 
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Table 1. Summary of source area input parameters 
Input Variable 
Field Length 
Slope 
Soil Texture 
Curve Number 
Storm Duration 
Return Period 
Table 2. Precipitation amounts for four events 
Duration and Return Period of Event 
1-hour duration, 2-year return period 
1-hour duration, 10-year return period 
6-hour duration, 2-year return period 
6-hour duration, 10-year return period 
Variation in Parameter 
660 ft. (200 m) and 1320 ft. ( 400 m) 
2% and 10% 
Silty Clay Loam and Fine Sandy Loam 
70 and 90 for Silty Clay Loam 
60 and 75 for Fine Sandy Loam 
1-hour and 6-hour 
2-year and 10-year 
Rainfall (in) 
1.61 (41 mm) 
2.40 (61 mm) 
2.24 (57 mm) 
3.50 (89 mm) 
Results and Discussion 
Abu-Zreig et al. (2000) concluded that the flow length through the filter has the greatest effect on 
sediment trapping efficiency, and Overcash et al. (1981) , Mander et al. (1997), and Bren (1998, 
2000) proposed that buffer design be based on a ratio of upslope contributing area to buffer area. 
Since both the source area and the filter length were varied in this investigation, a comparison is 
made between the performance of the filter relative to filter length and filter area ratio. Figure 
1 shows the trapping efficiency for the fine sandy loam soil for different field lengths and storm 
characteristics as a function of filter length and filter area ratio. The lower-return-period storms and 
the lower curve number values (with conservation practices) have trapping efficiencies of nearly 
100% independent of filter length (Figure 1). However, for the longer duration higher-return-
period storms with a higher curve number (without conservation practices), it is clear the trapping 
efficiency is dependent on the field length and the filter length since the two curves have different 
trapping efficiencies for comparable filter lengths (Figure 1a). When the trapping efficiency is 
reported as a function of the filter area ratio using the different field lengths for the longer duration 
higher-return-period storms with a higher curve number, the sediment trapping for comparable 
filter area ratios is very similar (Figure 1 b). Thus, although filter length is an important variable in 
filter performance the source area is also important when estimating performance. 
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Another characteristic of the source area that was investigated was the effect of the variation in 
slope on the performance of the filter. In our analysis, the slope of the filter was the same as 
the slope in the source area. Figure 2 shows the effect of slope for the silty clay loam soil with 
the higher curve numbers (without conservation practices). These results show that slope has a 
significant impact on the sediment trapping efficiency of the filter. While a portion of the sediment 
was retained in all the filter situations simulated, the trapping efficiency of the filters with filter area 
ratios in the O.OI to 0.04 range for a 10% slope are less than about 10% for the silty clay loam soil. 
These results show there can be a dramatic reduction in filter performance relative to sediment 
trapping as the slope increases. 
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The curve number value is another important parameter to consider in characterizing a 
watershed. As mentioned earlier, the curve number relates to the condition of the watershed or 
field area, and for the simulations discussed within this paper a higher curve number relates to 
an area without conservation practices. Figures 3 and 4 show the effect of the curve number on 
sediment trapping efficiency for soil types of fine sandy loam and silty clay loam, respectively, 
with a IO% slope. In Figure 3, only the simulation results from the 10-year-return-period 
storm are shown since the simulations for the 2-year-return-period storm resulted in sediment 
trapping efficiencies of nearly 100% for both curve numbers. Figures 3 and 4 reveal that in 
most cases increasing the curve number dramatically decreases the trapping efficiency of the 
filter strip. For the smaller storm (1-hr, 2-yr storm), the curve number had a large effect on 
trapping efficiency (Figure 4). For the low curve number and smaller storm, the loading on 
the filter was much lower, significantly increasing the trapping efficiency Based on Figures 3 
and 4 the curve number and thus the use of conservation practices can have a significant effect 
on the performance of the filter. The results indicate the importance of maintaining the source 
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area to maximize infiltration and reduce runoff and soil erosion so that the loading of water and 
sediment to the filter is reduced. 
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Figure 3. Effect of curve number on trapping efficiency for fine sandy loam, 10% slope 
90 
.----., 
~ 
'--' 80 
>-. 
u 
~ 70 
'G 
s 60 
Q) 
gr 50 
·a 
~ 40 b 
...... 
~ 30 
a 
:.a 20 Q) 
\./) 
10 
/ 
/ 
/ 
/ 
... 
/ 
.,-
/ 
....................... ...-
---
----T 
-~-
• 
·······0······ 
---T---
-··-v·- .. 
CN=70, 1-hr 10-yr storm 
CN=90, 1-hr I 0-yr storm 
CN=70, 1-hr 2-yr storm 
CN=90, 1-hr 2-yr storm 
-·· 
-.. _;::::; 
-
0 ~~WL~~~~ww~~~~~~~~~~~~~~~~~ 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.1 4 0.16 0.18 0.20 
Filter area ratio 
Figure 4. Effect of curve number on trapping efficiency for silty clay loam, 10% slope 
2003 Integrated Crop Management Conference - Iowa State University- 193 
As presented previously, two storm durations and two return periods were used for this 
investigation. For the fine sandy loam soil and the silty clay loam soil, the effect of storm duration 
and return period is shown in Figures 5 and 6, respectively. Reviewing the solid symbols together 
and the open symbols together in Figures 5 and 6, the effect of storm duration can be compared. 
Except for the 10-year-return-period storms shown in Figure 6 for the silty clay loam, there is a 
pronounced difference in the trapping efficiency for the different storm durations. As the storm 
duration increases, the trapping efficiency decreases. Reviewing the circle symbols together and 
triangle symbols together in Figures 5 and 6, the effect of storm return period can be examined. 
As expected, since the amount of precipitation is increased, the trapping efficiency decreases as the 
return period for the storm increases. The results for the simulations presented in Figures 5 and 
6 are for 10% slope conditions. For the fine sandy loam soil results with filter area ratios less than 
about 0.10 (Figure 5), the maximum trapping efficiency for the 10-year-return-period storm is 
about 60%; for the silty clay loam soil the results with filter area ratios less than about 0.10 (Figure 
6), the maximum trapping efficiency for the 10-year-return-period storm is about 25%. 
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Figure 5. Effect of duration and return period on trapping efficiency for fine sandy loam, 10% 
slope and curve number = 75 
Two different soil types were used in the investigation, with the fine sandy loam being a coarser 
textured soil than the silty clay loam. Although different curve numbers were used for the different 
soils (since the hydrologic group for the soils is different for the curve number method), the open-
circle symbols (l-hr, 10-yr storm) in Figures 5 and 6 show that the trapping efficiency is greater 
for the fine sandy loam soil than the silty clay loam even when the curve number is greater for the 
fine sandy loam soil. This is expected since as the velocity of water flow decreases in the filter, the 
larger particles are the first to be deposited within the vegetative filter. 
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Conclusions 
Both filter area and source area should be considered when evaluating or estimating performance 
of a vegetative filter. The models UH and VFSMOD were applied to study the effect of varying 
watershed characteristics and buffer dimensions on the performance of the filter, specifically 
the sediment trapping efficiency of the filter. The results of the simulations using UH and 
VFSMOD showed that slope, curve number, storm duration, and storm return period can 
significantly impact the performance of the vegetative filter. Also, the soil texture impacts the 
performance of the filter. The coarser the soil texture the greater the percentage of sediment that 
is trapped in the filter. These results highlight that in-field conservation practices are important 
in maximizing the performance of vegetative filters. Many simulation results were as expected 
since one would expect that as flow increases or sediment size decreases the performance of the 
filter would be reduced. However, the impact of watershed characteristics, storm characteristics, 
and filter dimensions on the filter performance were dramatic in some cases. These factors are 
important to consider in the design of vegetative filters and specifically in understanding that the 
performance of vegetative filters is reduced as the storm size increases and the loading of water 
and sediment to the filter increases. 
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